Background: Place of residence, particularly residential segregation, has been implicated in health and health care disparities. However, prior studies have not focused on care for diabetes, a prevalent condition for minority populations.
D iabetes is a leading cause of death and a major contributor to heart disease, stroke, kidney failure, and new cases of blindness in the United States. 1 Appropriate care can significantly reduce the risk of complications, but recent reports indicate that the quality of diabetes care in the United States has actually worsened, with lower proportion of patients with diabetes receiving recommended services in 2007 than 2002. 2 The decreasing quality of diabetes care is particularly concerning for minority groups, who bear a disproportionate share of the burden for this condition, with higher prevalence, poorer care, and worse health outcomes. [3] [4] [5] [6] Place of residence, particularly residential segregation, have been associated with health and health care outcomes. However, its effect has varied across studies. Some studies found poorer health, particularly higher mortality, with greater segregation. [7] [8] [9] [10] [11] [12] Others found better health for those living in a neighborhood with greater concentration of residents of similar race. [13] [14] [15] Studies are also beginning to examine the influence of segregation on health care access and quality. [15] [16] [17] [18] [19] Of these, many have reported that blacks who live in areas with high proportion of blacks or that are highly segregated receive care from lower quality hospitals (Vaughan Sarrazin et al 20, 21 ), nursing homes, 19 and dialysis centers. 15 However, 2 studies using the Medical Expenditure Panel Survey (MEPS) (Gresenz et al) 22 found that blacks and Hispanics living in neighborhoods with high percentages of residents of the same race had better access to care based on physician visits, having a usual source of care, and perceived difficulty in accessing care.
Despite this growing body of research, much remains unknown about how residential segregation affects health. Existing studies generally focused on black-white mortality differences, with this relationship largely unexplored for Hispanics and Asians. 8 Furthermore, the relationship of segregation to health care access and quality has not been examined in a comprehensive way for diabetes, a high priority condition for minorities. Finally, these studies typically focused solely on racial composition (eg, percentage of black), dissimilarity, or isolation. 8 Little is known about how other segregation dimensions, such as centralization, which reflects segregation in urban centers and clustering, which indicate whether minority neighborhoods are connected spatially, 23, 24 relate to health outcomes. As each dimension conceptualizes segregation differently 24, 25 and can influence health in distinct ways, 7, 20 it is important to investigate their unique relationships to diabetes care. Using nationally representative data, this study contributes to the literature by examining both black-white and Hispanic-white differentials and the less explored segregation concepts of centralization, concentration, and clustering. We identified respondents from MEPS who were 18 years or older, had diabetes as one of their priority conditions and if they responded to the Diabetes Care Supplement. We restricted our analytic sample to whites non-Hispanics, blacks non-Hispanics, and Hispanics because the sample size for Asians (N = 67) and individuals of "other race" (N = 38) who met our eligibility criteria were too small for reliable subgroup analysis. We further excluded respondents whom we cannot match to census MSA-level residential segregation data. Our final study sample size was 1598.
METHODS

Data Sources and Study Sample
Measures
Dependent Variables
Access to care: As diabetes is mainly managed in the ambulatory setting, access was measured as: (1) having any outpatient or office visit for diabetes in the past year by a provider of any specialty to reflect overall ambulatory care access; and (2) having any outpatient or office visit for diabetes with a family/general practice or internal medicine provider to reflect access to diabetes care in the primary care setting. To indicate general specialist access, we used respondent report of whether they experienced a small or a big problem in seeing a specialist, whether for diabetes or not, among those indicating need for a specialist.
Quality of care: Quality of diabetes care was based on respondent reports that, in the past year, they had: (1) at least 1 hemoglobin A1c (HbA1c) test; (2) at least 1 Low-density lipoprotein (LDL) test; (3) a dilated eye exam; or (4) their foot checked for sores and irritations. These services reflect key recommendations from the American Diabetes Association. 26 We also assessed overall quality of diabetes care as indicated by the receipt of all 4 of these recommended diabetes services. We separately examined the receipt of a flu shot in the past year in our analysis.
Independent Variables
Individual Race: MEPS participants were categorized as: non-Hispanic white, non-Hispanic black, or Hispanic based on self-reports.
Residential Segregation: Five segregation dimensions, as defined by Massey and Denton, 23 were calculated for black and Hispanics relative to whites. Dissimilarity measures evenness or the proportion of minority residents who would have to change census tracts for the population to be evenly distributed. Isolation measures exposure or the likelihood that minorities and whites would come in contact with each other. For both of these measures, higher values indicate greater segregation. Clustering measures the degree to which minority areas are contiguous, with higher values reflecting greater clustering of minority areas. Centralization measures the degree to which minorities live in the urban center. Ranging from À 1 to 1, positive values indicate that minorities reside in the urban center and negative values indicate that minorities live outside the urban center. Concentration measures the degree to which minorities are concentrated within a small geographic area within the MSA. Ranging from À 1 to 1, negative values indicate that whites are more concentrated than minorities, whereas positive values indicate that minorities are more concentrated than whites in the MSA. We focused on the influence of high segregation by using Z0.60 for clustering and dissimilarity, Z0.70 for isolation and concentration, and Z0.80 for centralization to dichotomize these indices. 24 However, continuous measures of these indices, multiplied by 100 to facilitate interpretation of incremental differences, were also used in sensitivity analyses.
Individual Race-Residential Segregation Interactions: Interaction effects were examined using indicator variables that combined the respondents' race/ethnicity with whether the respondent resides in a segregated MSA, based on the segregation dimension examined in the model (eg, dissimilarity). Using white respondents who are not living in a highly segregated MSA for blacks or Hispanics as reference, 8 other race/ethnicity-place indicator variables were constructed: whites living in MSAs with high black segregation, whites living in MSAs with high Hispanic segregation, blacks living in MSAs with high black segregation, blacks living in MSAs with high Hispanic segregation, blacks not living in a highly segregated MSA, Hispanics living in MSAs with high black segregation, Hispanics living in MSAs with high Hispanic segregation, and Hispanics not living in a highly segregated MSA.
Control Variables: In multivariate analyses, we controlled for respondent age, sex, health insurance (public, private, uninsured), education (at least some college or not) and household income (< 200% federal poverty level or better), diabetes severity, and the number of reported priority health conditions (asthma, hypertension, high cholesterol, coronary heart disease, angina, heart attack, stroke, other heart disease, emphysema, joint pain, arthritis). Diabetes severity was based on treatment intensity and complications (diet modification only = 1; oral medications, no insulin, or complications = 2; insulin, no complications = 3; diabetes complications, eye or kidney = 4). Outpatient visits and hospital beds per 100 residents were included to control for MSA differences in access and utilization.
Analysis
Logistic and multinominal logistic regression models were used to examine the relationship of individual race and segregation status with access and quality of care outcomes. We constructed a base model that estimates the odds of each outcome for blacks and Hispanics compared with whites after controlling for respondent sociodemographics, health and MSA access, and utilization characteristics. We then constructed a second set of 5 models, using a separate model for each segregation dimension. In each of these models, we added 2 indicators, 1 reflecting MSAs with high segregation for blacks and the other reflecting MSAs with high segregation for Hispanics for the specified segregation dimension, to the base model. The final set of models allowed for interactions between individual race/ethnicity and segregation status if statistically significant main effects were observed. In lieu of the 4 indicators of individual race and MSA segregation status used in the second set of models for each segregation dimension, we used the set of 8 individual and residential segregation indicator variables with whites not living in segregated MSAs as the reference category. These models tested whether the association of residential segregation was uniform across race and ethnic groups.
Survey estimation procedures in STATA 11 were used in all analyses to account for MEPS' complex sampling design.
This study was determined to be Not Human Subjects Research by the Johns Hopkins Bloomberg School of Public Health Institutional Review Board.
RESULTS
Sample Characteristics
Overall, our sample demonstrated good sociodemographic diversity ( Table 1 ). The illness burden in our sample was substantial, with 28% experiencing a diabetes complication, another 13% being insulin-dependent and an average of 4 health conditions per person. Hispanics were generally younger, have lower socio-economic status and less access to health insurance than whites, and had fewer health conditions. Diabetes severity was greater in blacks and Hispanics, with higher percentages of complications, than whites.
Residence in Different Types of Segregated Neighborhoods
About half of our overall sample lived in MSAs with high dissimilarity or concentration for blacks ( Table 2 ). In contrast, only 8.8% lived in MSAs characterized by high isolation for Hispanics and 10.5% in MSAs with strong 
Access to Care and Quality of Care by Individual Race/Ethnicity
Access to care was moderate to good for the sample, overall. Over 75% had an ambulatory visit for diabetes by a provider of any specialty in the past year and of the 57% who indicated needing a specialist, 76% did not report a problem seeing one ( Table 2) . Quality of care is generally good, with >80% getting HbA1c and LDL tests. However, rates of eye and foot exams were lower at around 70% and only 42% received all the 4 recommended services.
Minority patients with diabetes were not disadvantaged in terms of care access. There were no significant group differences in having any ambulatory visit for diabetes in the past year and perceived problems with seeing a specialist if needed. In fact, after accounting for respondent and area characteristics, Hispanics with diabetes had 90% higher odds of a diabetes-related visit and 65% higher odds of having a primary care visit for diabetes compared with Whites (Table 3) .
However, minority patients with diabetes did not receive the same quality of care as compared with their white peers, with Hispanics experiencing the worse care ( Table 2) . Rates of LDL checks, eye and foot examinations among Hispanics were between 12% and 18% lower than whites and between 11% and 17% lower than blacks (all P < 0.05). Lower proportion of blacks and Hispanics had flu shots and both groups received fewer recommended services than whites (P < 0.05). Hispanics also had fewer recommended services than blacks (P < 0.05). Across segregation models, Hispanics with diabetes had between 40% and 60% lower adjusted odds of having eye exams and getting all recommended services. Both Hispanics and blacks had approximately 40% lower adjusted odds of getting a flu shot than whites. Otherwise, the quality of care for blacks, with a few exceptions, was comparable with whites (Table 4 ).
Community Segregation Characteristics and Care Access and Quality
Residents from segregated communities generally had comparable access to ambulatory care for diabetes. Furthermore, high centralization for blacks was associated with 42% higher adjusted odds of a diabetes-related primary care visit and high isolation for Hispanics was associated with 82% higher adjusted odds for having any diabetes-related visit. Residents in segregated communities for Hispanics reported problems accessing specialists. Among patients with diabetes who needed a specialist, those living in MSAs with high dissimilarity or concentration had significantly higher adjusted odds of reporting a small problem accessing specialists. In contrast, residents in MSAs where blacks are highly concentrated had 46% lower adjusted odds of reporting a small problem in getting specialty care. Residents in high segregation MSAs generally had comparable or better quality of diabetes care. With few exceptions, high segregation was not related to the receipt of flu shots, cholesterol checks, and HbA1c. However, higher adjusted odds of foot checks and receipt of all recommended services was observed in MSAs with high segregation for both blacks and Hispanics across multiple dimensions. In addition, highly clustered and centralized MSAs for blacks were associated with higher adjusted odds of eye exams.
Significant associations with access and quality outcomes were primarily observed for high segregation. However, continuously measured dissimilarity, isolation, and clustering was positively related to difficulty in accessing specialists in segregated Hispanic MSAs. In addition, continuously measured concentration and isolation were significantly associated with receiving several diabetes services. These findings suggest that lower levels of these segregation dimensions could be influential in selected health outcomes.
We observed significant interaction of individual race and MSA segregation status on overall quality of diabetes care (Fig. 1) . Hispanics generally had lower adjusted odds of getting all recommended diabetes services than blacks or whites, but did significantly worse in MSAs with low isolation or clustering. The overall quality of care for blacks living in nonsegregated MSAs was poorer than for whites living in these MSAs, although this was significant only in MSAs with low concentration. However, blacks in segregated MSAs for Hispanics appear to receive better care, often comparable to whites living in these MSAs. Whites with diabetes living in segregated MSAs tended to have better diabetes care overall than whites not living in segregated MSAs.
DISCUSSION
Respondent race and MSA segregation characteristics both exert notable influences on access to and quality of care for patients with diabetes in the United States. As expected, race/ethnicity was associated with poorer quality of care. Hispanics had lower odds of receiving eye exam and flu shots. Their overall level of diabetes care was also significantly worse than for whites. Blacks with diabetes had lower odds of getting flu shots and their overall diabetes care was significantly poorer once high dissimilarity or isolation was accounted for. However, the receipt of other services for blacks was not significantly different from whites. Given these results, it was surprising that Hispanics had consistently higher odds of diabetes-related visits. However, access alone does not ensure quality care. Although minority populations can access providers, their visits may be of lower quality because of time constraints or communication challenges. Underserved communities may also lack a robust referral network for specialty care that enables patients to easily obtain recommended services such as eye exams that are not offered in primary care setting. The better diabetes care observed in segregated MSAs may reflect the success of safety net providers in increasing access to underserved neighborhoods. [27] [28] [29] In addition, high concentration of patients with similar characteristics may attract ethnically or linguistically concordant providers seeking to serve these populations, increasing local availability of culturally competent providers. The fact that accessing specialists was more problematic in segregated MSAs for Hispanics is not consistent with the better access and quality of diabetes care observed. However, as most diabetes services can be obtained from primary care providers, difficulties in accessing a specialist more generally may not substantially impact diabetes care quality. The significant interaction findings emphasize the unequal effect segregation can have on different groups. Although highly dissimilar MSAs for Hispanics were associated with better overall diabetes care, benefits appear to accrue primarily to blacks and whites. Whites from highly segregated MSAs consistently had better quality of care, likely reflecting their advantage in personallevel and community-level resources in segregated MSAs.
Our findings are generally consistent with earlier studies reporting positive health-related outcomes in segregated communities. Haas et al, 17 using the 1996 MEPS, found for the general population that blacks and Hispanics living in counties with high prevalence of residents of similar race/ ethnicity perceived fewer difficulties in obtaining care. Similarly, Fang et al 13 and Inagami et al 14 observed positive effects of concentration, or "ethnic density" on mortality for blacks, Latinos, and whites in New York city. However, 1 nationally representative study did observe poorer outcomes for body mass index and overweight status in isolated communities 9 emphasizing the diverse pathways through which segregation likely influence different health outcomes.
Prior studies of residential segregation typically focused on either dissimilarity or isolation. 7 The strong correlation observed for dissimilarity, isolation and clustering, 30 and the similar pattern of significant associations for these dimensions in our own study lend some support to this practice. However, findings for segregation were not consistent across all dimensions, suggesting that the conceptual distinctions of different dimensions do matter. Specifically, centralization did not demonstrate the significant associations that the other dimensions did for foot checks and overall diabetes care. In addition, the pattern of findings was not exactly the same, even among the highly correlated dimensions of dissimilarity, isolation, and clustering. These results, along with a recent study reporting different relationships for dissimilarity and isolation on revascularization after acute myocardial infarction 20, 21 reinforce the need to examine relationship between segregation and health outcomes for each dimension.
The influence of individual segregation dimensions varies by outcome and population, suggesting complex relationships between segregation and different health outcomes. For example, while high clustering of minority neighborhoods may attract diabetes intervention programs and safety net providers targeting specific populations to these areas, concentrated disadvantage in these neighborhoods may deter private practice physicians, particularly specialists, from locating there. The fact that segregation findings vary by group was not unexpected given the multiple factors that may influence these relationships. For example, while both segregated black and Hispanic communities may lack important community resources, 7,31 the language barriers experienced by Hispanic immigrants can exacerbate access and quality problems. Alternatively, ethnic enclaves can positively influence health and health care experience by bolstering social support, as has been seen with immigrant groups. 22 A thorough examination of these issues is beyond the scope of this paper and the data sources available to us. However, detailed exploration of these issues in future studies could yield valuable insights into the nature of the relationships between segregation and health in different groups.
Our study has several limitations. Residential segregation information came from the 2000 census, whereas the MEPS data were collected in 2006. However, we used the best data available and prior studies have reported that residential segregation is persistent in urban areas. 23 We did not adjust for multiple comparisons as significant and nonsignificant associations are of equal interest. However, as this increases the risk of spurious findings, weaker results that were not consistently observed, such as those for diabetes visits and HbA1c, should be interpreted with caution. Finally, the cross-sectional design and available data limited our ability to explain observed associations. Despite these limitations, our study contributes generalizable evidence on the association between specific dimensions of segregation with care access and quality for 2 important minority diabetic groups that can guide more detailed testing of alternate causal pathways in future studies. 
CONCLUSIONS
Although being black or Hispanic did not negatively impact access to providers, it did lead to fewer recommended services received. Living in a racially segregated community appeared to improve diabetes care access and quality of selected services, although the relationship varied by segregation type and group. Future investigations should focus on specifying the pathways by which specific segregation dimensions affects the health and health care outcomes of different racial and ethnic groups.
